Certain part of wash load which entered a reservoir is settled on the bed as sediment. Sediment occupies the storage capacity of reservoirs and reduces the amount of available surface water resource. Especially in North Africa which has the low vegetation land cover in the catchment and long retention time due to the clear precipitation difference between summer and winter, the wash load inflow and the sedimentation ratio is very high. In order to discuss managing the sedimentation, the behaviour of the wash load in the water body of a reservoir have to be grasped. In this study, sediment traps and auto recording thermometers were placed in the different depth in order to know what depth the floodwater enters. The amount of trapped sediment is equivalent to average sedimentation ratio. In addition, the bed area which might receive the sedimentation is estimated by numerical simulation. The volume of sediment estimated from the trapped sediment and the bed area is almost equivalent to the sediment volume which was estimated by the bathymetric survey.
INTRODUCTION
The capacity loss of surface water resources by sedimentation in North African countries reaches 0.5% of total storage capacity in Morocco, 0.5% in Algeria, and 1.0% in Tunisia per year respectively 1) . Especially in Tunisia, the suitable sites for dam construction have already developed. The sustainability of the existing reservoirs have to be obtained by managing the sediment 2) . From this point of view, bathymetric surveys were carried out every 10 years by the government in order to watch the development of sedimentation 3) . However, the solutions such as dredging and construction of flood water bypass have not been carried out because they are quite costly.
The authors have proposed the exploitation and valorization of the sediment 4), 5), 6) . It will financially assist the cost of dredging or other countermeasure to the sedimentation. Considering the exploitation, settling place of wash load is important issue because the depth of dredging and water content of the excavated sediment are the measure component of the total cost. For example, regarding the sediment which has high water content, additive fixation material such as cement is required for transportation. The use of bamboo tips instead of the cement was examined for reducing the cost 7) . In case of North African countries, the runoff in rainy winter season is stored for dry summer season. In other words, the difference of water level through a year is quite big and upper shallow parts of reservoirs crop out in dry season 8) . Therefore, if the behaviour of flood water plume is controlled and the settling place in the reservoir is fixed, the cost of dredging can be reduced.
In this study, the behaviour of wash load and sedimentation is discussed by the combination of field measurement and numerical simulation. First, the turbidity of the inflow river to the reservoir was observed. The relationship between the turbidity and the river flow rate was given as the boundary condition for the numerical simulation. The horizontal spreading area of the flood water was clarified by the numerical simulation. On the other hand, sediment traps are fixed at some points during a rainy season. From the estimated spreading area and the weight of the trapped sediment, total sedimentation in the year is calculated. This estimation of the total sedimentation is discussed by the comparison with the value estimated from the bathymetric survey.
FIELD MEASUREMENT (1)Study site
Joumine reservoir located on the north area of Tunisia, 50km from Tunis, was constructed in 1986( Fig.1) . Its total storage capacity is 108.7 million m 3 . Initial capacity was 120.5 million m 3 . Thus, around 10 % of the initial storage capacity has already been lost in this 25 years by the sedimentation. The previous research 8) reported that the thermal stratification was found in summer and it was mixed in the middle of October. Fig. 2 is the vertical profile of the temperature measured at point 9 in Fig. 1 , as same as the previous report.
The particle size of the sediment was almost uniform at any place in the reservoir; 4-6 μ m in average 8) .
(2) Seasonal change of turbid water behaviour in the reservoir The vertical profile of water quality parameters (Temperature, Salinity, Turbidity, Chl-a, DO) at 9 points in Fig. 1 are measure by multi-parameter water quality meter (AAQ-RINKO 121, JFE Advantech Co., Ltd.) periodically. Fig. 3 is the longitudinal distribution of turbidity of the 3 days; December 2010, April and July 2011. Turbidity is one of the tracers which indicate the inflow river water behaviour in the water body of reservoir.
In December, in the mixing term with all layers of thermal stratification, high turbidity zone was found only in the upper shallow area. It is supposed that this high turbidity was due to the resuspension of sediment from the lake bed by the wind stress or the secondary transport from the upper area of inflow, where the settled sediment crops out and the inflow river erodes it.
The graphic of (b) in Fig. 3 shows the situation just after the rainy season. The comparatively high turbidity layer (around 6 FTU) was found in the bottom layer. This high turbidity layer suggest that the flood water entered to the reservoir as a bottom density flow. When the turbid and cold flood water which has higher density enters to the water body of the reservoir, the flood water plume forms a bottom density flow.
Once the thermal stratification was formed in summer, the river water which has higher turbidity Fig.1 . Duration of the turbidity monitoring was only from December to June with the consideration of the theft risk of the fixed turbidity meter in the term of low water level in summer and the main wash load inflow in winter as mentioned above.
The upper graphic of Fig. 5 is the time series of the water level, volume of stored water and intake. The lower one is flow rate, turbidity and temperature of the inflow river, from December 2010 to June 2011. Turbidity was measured every 1 hour, but the water level which is used for the calculation of the flow rate of inflow river was measured by day.
The time series of the flow rate and turbidity shows the time lag. The peak of the turbidity emerged in the rising phase of the flow rate. Left graphic of Fig. 6 is the relation between the flow rate and turbidity. The correlation between the flow rate and turbidity at the same day is not high. Right graphic is the relation which consider the time lag, between the flow rate and the turbidity of the previous day. The correlation is higher than the left one. The flow rate was calculated by day. If shorter monitoring interval was available, the considerable time lag would have higher resolution and improve the correlation.
NUMERICAL EXPERIMENT OF BEHAVIOUR OF TURBID WATER IN THE RESERVOIR (1)Numerical simulation model
The behaviour of turbid flood inflow in the reservoir is discussed with numerical simulation model in this chapter. ELCOM (Estuary and Lake Computer Model) developed by the Centre for Water Research at The University of Western Australia is a three-dimensional hydrodynamics model used for predicting the velocity, temperature and salinity distribution in natural water bodies. The bathymetry is formed with Cartesian 3 -dimensional grid.
The simulation model considers buoyancy effect of the difference of density which is defined by temperature and salinity. Suspended solid is also one of the causes of density difference especially in flooding term, but this model does not include the effect of suspended solid. In this study, the salinity takes the place of the suspended solid for describing the difference of the density in the simulation model. After the plume entering to the water body of the reservoir, the density of the plume is gradually reduced due to sedimentation. In this simulation, this settling process was also neglected.
Density of turbid water is described as follows. Calculating those equations with eliminating small factors, the equivalent salinity to the suspended solid density is described as follows.
The actual salinity of the inflow and the water body of the reservoir is almost same, but the salinity which is equivalent to the density of turbid river water is given for the flood inflow in this simulation.
The turbidity meter was calibrated with kaolinite concentration. There is the difference of reflection characteristics between the actual suspended solid in the inflow river water and kaolinite. Therefore, the concentration value given by the turbidity meter is not correct concentration of suspended solid. Currently it has not been obtained due to the difficulty of the timely observation in flooding term. In this study, we assumed that the kaolinite concentration value calibrating the turbidity meter is equivalent to the concentration of suspended solid in the inflow river water as a primary approximation.
(2) Inflow conditions for numerical experiment
The simulation was carried out with the fictitious data of flow rate and turbidity of inflow river. The gradual decay phases after the peaks of the observed inflow rate shows uniform gradient on semi-log graph (Fig. 7) . The decay phase is expressed as shown blow. (Fig. 6) . Fig. 8 is the 3 cases of fictitious flood prepared for the discussion about the scale dependence.
The observed data of intake, meteorological data, inflow river water temperature from 1 st of February 2010 were used in the simulation because the intake rate is almost constant in this season and meteorological data is not the factor which makes a big difference of the condition of bottom density flow expected in this case. Intake mouth are placed on the bottom at the intake tower. Initial condition of the temperature in the water body of the reservoir was uniform. The tracers were released from inflow river in order to clarify the behaviour of the flood water.
(3) Results of simulations Fig. 9 is the comparison of the vertical distribution of the velocity at the point 5 in Fig.1 on the slope of lake bed. The scale dependence was found in the difference of the speed of the bottom density flows descending the slope, so that the distributions of the velocity shown in Fig. 9 were at different elapsed time from the beginning depending on the cases but at the same timing when the density flow reaches at the deepest area of the reservoir. The background of Fig. 9 shows that flow regime. The larger flood makes the higher speed of the flow due to the rapid increase of density and flow rate of river inflow. On the other hand, the thickness of the bottom density flows are the same as about 5 m. 2 . These results shows that the scale of the flood does not make the difference of the morphology of bottom density flow; horizontal spread and thickness, while its velocity was changed. If the turbid bottom density flow were flashed out to down stream by opening the intake mouth on the bottom as the countermeasure to sedimentation, the velocity of the flow and the traveling time from river mouth to dam body would be important. In order to optimize the gate control, the flood scale have to be taken into account.
If the exploitation of the sediment is considered, the depth of the dredging place is important for saving the cost. The sediment settled on the shallow area would be emerged when the water level is low in dry seasons and it is easy to dredge. Underwater dike can control the behaviour of bottom density flow and settle the sediment on shallow area. Therefore, this thickness of the bottom density flow might be the very important information for designing the underwater dike or other structure.
OBSERVATION OF SEDIMENT DEPOSITION
(1) Set up of sediment traps and thermistor chains The distribution of sediment deposition in the reservoir during the rainy season was investigated using sediment traps installed in the reservoir at the locations shown in Fig. 11 . The traps were installed on 2 nd of February and retrieved on 26 th March 2011. Five sets of the traps and thermistor chains were installed but the upper 2 (shown as blue points in Fig.  11) could not be found when the retrieve.
The shape of the sediment trap can influence the trapping efficiency of deposited material. A schematic of sediment traps used in this study is shown in Fig. 12 . The trap was 0.22m high, with a mouth opening of 8.4 ×10 -3 cm
2
. It is suggested that a sediment trap with height 2-3 times its diameter collects deposited material 9) .
(2) Variation of vertical distribution of water temperature Fig. 13 shows the variation of vertical distribution of water temperature of each measurement station. The data of the water level of this reservoir for this term will be opened to public in the end of this year, so that the river water inflow to this reservoir is not known currently. It is confirmed from Fig. 13 that cold and high density river water entered to the reservoir as the bottom density flow shown as the blue colored part in Fig. 13 .The thickness of the cold water is about 5m, corresponding to the result of simulation shown in the previous chapter.
The location of S1 is on the slope of the bottom, while the S2 is located near to the deepest area. These differences are the reason for the temporal sequence of the cold water remains near by the bottom. The bottom density flow passed the slope from 7 th to 11 th Feb. It reached S2 and S3 soon later but it remains longer time and the interface between the bottom cold water and hotter water has a oscillation.
The interval of the oscillation is around 48 hours while the cycle of the seiche in longitudinal direction, which is calculated from the thickness of the each layers and difference of density is around few hours. The internal wave might be affected by the geomorphological condition. The numerical simulation is one of the good tools for explaining this factor. However, the numerical simulation carried out in the previous chapter does not show this tendency. One of the reason for this disagree is that the simulation does not consider the effect of the sedimentation during flowing on the bottom of the slope. The density of the bottom flow in the field might be reduced due to sedimentation and mixing with upper water body while that in the simulation was reduced only by the mixing. Therefore, the simulation has bigger difference of density between upper and lower layer of the stratification. As a result, triggers for the significant seiche, such as wind or the reflection of the bottom density flow by the dam body were not powerful enough for keeping it. More accurate numerical modeling is discussion point for further study.
(3) Vertical distribution of trapped sediment Table. 1 shows the average amount of the sediment in 1 cm 2 of the bottom of the each trap. A lot of sediment was captured in the trap located at the bed while the traps in the middle captured about 1/10 of that. That would be the one of the explanation for the fact that the flood water flow as bottom density flow and its thickness is about 5m.
The trap in the middle at S2 and S3 captured more sediment than that at S1. The bottom density flow reaching to the dam body was terminated and retained in the deepest zone of the reservoir. The part of the sediments found in the traps in the middle at S2 and S3 are precipitated from this retained water bulk.
Total sedimentation in this reservoir for the 2 rainy month has was estimated from the results of this observation. The average amount of the captured sediment in the traps on the bottom is 7.51 g/cm 2 . The area of spread of floodwater, which was estimated with the numerical simulation model in the previous chapter, is 2.57km 2 . The estimated total amount of sedimentation in this reservoir for the 2 month is 192,000ton. In the previous study 6), 8) , the average annual sedimentation volume is calculated based on the result of bathymetric survey. The bulk density of the sediment in the reservoir was also measured. The weight of annual sedimentation in this reservoir is 364,230ton/year. The estimation of this study is based on the limited observation result and the limited term while the previous result is annual average and based on survey in wide area. It is impossible to compare the results of this study and previous study directly but these shows correspondence approximately.
CONCLUSION
The flow regime of the bottom density flow which occurs after the entry of flood water to the reservoir was observed by sediment traps and thermistor chains. Sedimentation and water temperature, the result of both measurement indicate that the thickness of the density flow was about 5 m. In addition, the numerical experiment explained that this thickness of density flow is independent on the scale of flood. The total sedimentation weight in the reservoir is estimated with the trapped sediment and area of the spread of floodwater, calculated with the numerical simulation.
The detail behaviours of the flood water such as seiche could not be explained in this study. These discussion will be done in further study with numerical simulation with higher precision model.
